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ABSTRACT 
A unit for evaporative cooling in condenser of 
domestic air conditioner and its performance 
testing on effectiveness and reduction in power 
consumption. Evaporative cooling in condenser 
of Split A.C is achieved by spraying water on 
the fins of condensing unit at regular interval of 
time. Evaporative cooling will increase the rate 
of heat transfer and thus further sub cooled 
refrigerant will be obtained at the exit of 
condenser. Due to this sub cooling, refrigeration 
effect increases which results in increase in COP 
and reduces power consumption. 
 
Keywords-- Direct evaporative cooling, energy 
saving, modification in condenser of AC, reduced 
power consumption, sub cooled refrigerant, split air 
conditioner 
 
 
INTRODUCTION 
 
Now a days researchers pay great attention 
on methods to reduce electricity consumption due 
to energy crisis. Because of simple in construction 
and having great flexibility, split air conditioners 
are used in residential and commercial buildings. 
Condenser used in this type of Split A.C for heat 
rejection from refrigerant is generally air cooled it 
works very well when temperature in summer is 
not much high. But during extreme hot days, the 
low temperature difference between hot 
atmospheric air moving over the condenser coils 
and the hot refrigerant vapour flowing in the 
condenser coils prevent dissipation of sufficient 
quantity of heat which decreases the overall system 
efficiency. Since temperature and pressure of 
condenser increases, the compressor has to work 
under the greater pressure ratio which results in 
excessive power consumption. So, compressor in 
insufficiently cooled system runs for longer period 
of time and draws extra electrical power, wasting 
electricity and increases the operating cost of the 
whole system. 
E. Hajidavalloo used concept of indirect 
evaporative cooling using pads on sides of window 
air conditioners and spraying water on it which 
supply cooled air on coils. It showed decrease in 
power consumption by 16% and increase in COP 
by 55% when ambient temperature is 40°C [1]. 
Chainarong Chaktranond used the condenser 
retrofitted with a cellulose corrugated pad and 
water spraying system. With results of this 
experiment it can be determined that the electricity 
consumption and COP majorly relies upon the 
atmospheric conditions. By using the evaporative 
cooled systems, COP is improved by around 6-48% 
and electricity consumption is reduced by 4-15% 
and when temperature is raised by 1°C electricity 
consumption increases about 4% [2]. Vrachopoulos 
installed cooling water sprinkle network in 
condenser. In this method, water was directly 
sprayed into air-stream. It showed that COP was 
improved up to 211% and energy saving was up to 
58% [3]. T.T.Chow showed the effect of increase 
in the coil temperature of a condensing unit by 1°C. 
This experiment showed that COP of the system 
decreased by 3% [4]. Reshap A. and Sajesh S. 
showed effect of indirect evaporative cooling using 
two media pads which showed reduction in power 
consumption upto 15% and increase in COP upto 
50% [5]. M. M. Kulkarni cooled inlet air to 
condenser with evaporative cooling system. This 
system achieved 3.4% increase in cooling effect, 
22% increase in COP and 17.54% reduction in 
power consumption [6]. K. R. Aglawe used 
condensing unit retrofitted with a cellulose 
corrugated pad and cooled air entering from two 
sides of condenser which showed reduction in 
condenser and evaporator pressure [7]. 
In this experiment, reduction in power 
consumption in a residential-sized split type air 
conditioner is achieved by retrofitting condensing 
unit with direct evaporative cooling system. Water 
is sprayed at the regular interval of time in 
condensing unit, water will evaporate by absorbing 
heat then moist air is exhausted to the outside.  
 
EXPERIMENTATION SETUP AND 
INSTRUMENTATION 
 
Evaporative cooling is used in existing 
system to improve the performance of the air 
conditioning system. There are two methods to 
achieve evaporative cooling in condensers which 
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are direct and indirect method of evaporative 
cooling. In direct method water is directly sprayed 
on the condenser which provides cooling effect. 
While in indirect method evaporative media pad is 
used and water is sprayed on it which is located in 
the way of air flow over the condenser coils which 
provides cooling effect by evaporation of water. 
The rate of heat transferred obtained in direct 
evaporative cooling method is more than that of 
obtained by indirect evaporative cooling method. 
Also water falling from the fins can be reused. 
Hence water consumption is also low. 
In this experiment, water circulation 
system is designed to spray water on top of the fins 
of the condenser. The system consists of a pump, 
tank and water spraying pipe. Water from the water 
spraying header falls on the fins of the condenser 
through two rows of holes in the header. Water 
forms a thin film on the fins. Water on the fins 
evaporates by absorbing heat of refrigerant from 
the fins. In this way evaporative cooling is obtained 
which has higher heat transfer rate than that of 
forced air cooling.  The supply of water is 
controlled by pump which is operated by arduino at 
the specific interval of time. The arduino gets its 
power supply from the supply of the condenser fan. 
So both, arduino and fan starts and stops 
simultaneously. The arduino supplies signal to the 
relay module at a predetermined time interval 
according to the program uploaded on the arduino. 
Based on the input, signal from the arduino, relay 
module turns ON and OFF the water spraying 
pump at a definite time interval. So, power supply 
to arduino and pump is arranged in a way that 
pump works only when compressor is running. 
Water collecting tank is used to supply water to 
pump and to collect water coming from condenser 
fins. Water coming from condenser fins is filtered 
with the filter before it enters to collecting tank 
which prevents inclusion of solid waste into 
collecting tank. Water purifying unit is used to 
maintain the quality of water which is sprayed on 
the condenser fins. Energy meter was used to 
measure the electricity consumption of air 
conditioner with retrofitted system. 
 
 
Figure 1: Conceptual diagram 
 
 
Figure 2: Front view and side view 
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Figure 3: Circuit arrangement 
 
 
Figure 4: Working of water spraying header 
 
 
Figure 5: Placement of water spraying header 
 
 
Figure 6: External setup
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EXPERIMENTAL ANALYSIS AND 
CALCULATIONS 
 
There are two sets of readings and every 
reading was taken on hourly basis immediately 
after starting air conditioner. Indoor set temperature 
for all readings is 25°C. The overall power 
consumption of the system which includes 
small pump, air conditioning unit and arduino 
circuit is shown in tables. Humidity and outdoor 
temperature measured is written in respective 
tables. 
Set 1 Readings 
 
Table 1: Set-1 readings without evaporative 
cooling. 
Humidity: 31% Outdoor Temperature: 39°C 
Hour Power Consumption (kWh) 
1st 1.37 
2nd 1.24 
3rd 1.11 
4th 1.06 
Total 4.78 
 
Table 2: Set-1 readings with evaporative cooling. 
Humidity: 26% Outdoor Temperature: 39°C 
Hour Power Consumption (kWh) 
1st 1.14 
2nd 0.93 
3rd 0.92 
4th 0.93 
Total 3.92 
 
Set 2 Readings 
 
Table 3: Set-2 readings without evaporative 
cooling. 
Humidity: 18% Outdoor Temperature: 41°C 
Hour Power Consumption (kWh) 
1st 1.39 
2nd 1.26 
3rd 1.18 
4th 1.15 
Total 4.98 
Table 4: Set-2 readings with evaporative cooling. 
Humidity: 22% Outdoor Temperature: 42°C 
Hour Power Consumption (kWh) 
1st 1.17 
2nd 1.01 
3rd 0.99 
4th 0.96 
Total 4.13 
 
Calculations of Reduction in Power 
Consumption 
Set-1 
Reduction in power Consumption  
= Power consumed without evaporative cooling 
-  Power consumed with evaporative cooling 
= 4.79 - 3.92 
= 0.86 kWh 
Percentage reduction = (0.86/4.78)*100 
= 17.99 % 
Set-2 
Reduction in power Consumption  
= Power consumed without evaporative cooling 
-  Power consumed with evaporative cooling 
 = 4.98 – 4.13 
 = 0.85 kWh 
Percentage reduction = (0.85/4.98)*100 
= 17.06 % 
 
DISCUSSION ON EXPERIMENTAL 
RESULTS 
 
With the use of direct evaporative cooling 
in condenser it is possible to reduce overall power 
consumption up to 18%. Also as air conditioner 
runs for longer hours, reduction in power 
consumption increases and with the use of 
evaporative cooling it is possible to reduce running 
time of compressor. Reduction during every hour 
of working of air conditioner is shown in graph.
 
Graph for set-1 readings 
 
Figure 7: Power consumption vs. time (hourly basis) 
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Graph for set-2 readings 
 
 
Figure 8: Power consumption vs. time (hourly basis) 
  
CONCLUSION 
 
By using direct evaporative cooling in condenser of 
split air conditioner it is possible to reduce power 
consumption by around 18%. The application of 
this kind of direct evaporative cooling system in 
the small size split air conditioning system was 
emphasized for the regions of very hot atmospheric 
condition. A novel design for using direct 
evaporative cooling system in a split-air-
conditioner was introduced. The design can be 
commercialize easily and also it is easy to apply on 
existing air conditioners. 
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